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INTRODUCTION 


Tuber-rots of the Irish potato {Solanmn iiiherosuni;} which are comnion to 
the arid* West may be grouped into two classes: Storage-rots and field- 
rots. This paper is concerned only with certain rots attacking the potato 
tuber while growing in the field. From the tuber- rots under discussion, the 
fungus Fusarium radkicola Wollenw. was isolated. Carpenter ’ in 1915 
demonstrated that F. radicicola could, under laboratory conditions, 
cause decays in potato tubers similar in every way to these rots. His 
experiments, however, were conducted wholly in the laboratories of the 
Department of Agriculture, in Washington, D. C. It was therefore 
thought practicable to present this paper, which gives the results of 
experiments performed under field conditions in the irrigated West. 
These experiments substantiate the results obtained by Carpenter and 
further establish the relationship of F, radicicola to the field tuber-rots 
under consideration. 

THE DISEASE 


Under the head of field rot are considered several types of decay occur- 
ring i# potato tubers while yet in the field~a stem-end rot, a lenticel 
rot, and a rot proceeding from eye infections. Eye infections in the 
field are not as common as stem-end and lenticel infections. These 
types of rot are known as “ stem-end rot,'' “ field dryrot," or “ blackrot.” 
The name “blackrot" best describes them, for the decayed tissues are 
nearly black in color when the tubers are taken from the field. The rot may 
be further described as a comparatively dry rot, dark to nearly black in 
color, proceeding from the stem end, lenticels, and occasionally from 
the eyes of the tuber. The decay is first recognized by the blackened, 
sunken appearance of the stem end, or, in the case of lenticel and eye 
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infections, by the blackened, more or less sunken spots on the surface 
of the tuber. Tubers collected in a commercial potato field and infected 
in this manner are shown in Plate XXXIV, figures i to 6. This black color 
is lost in part as the infection becomes older, the infected tissues taking 
on various shades from nearly black to sepia brown. In connection with 
the stem-end rot, the fungus often proceeds down the vascular tissue, 
killing and blackening the network of bundles. Figures 5 and 6 in 
Plate XXXIV show sections of a tuber infected in this manner. Often it is 
possible to break away the cortical tissues and lay bare the blackened 
net^vork. Lenticel infection proceeds outward in all directions from the 
point of infection and may or may not extend down to the main vas- 
cular system. Very frequently in the case of eye infections the vas- 
cular strand connecting the eye with the main vascular system is black- 
ened, but it is seldom that such infection extends far into the main 
vascular ring. Black rot is confined principally to potatoes of the Idaho 
Rural, Pearl, and other round types. 

Closely related to the blackrot of potatoes of the round types is a 
jelly-end rot attacking principally varieties of the Burbank group. 
Jelly-end-infected tubers of the Netted Gem variety are shown in Plate 
XXXV, figures i to 3. The jelly-end rot of the Burbank group differs 
from the blackrot of round types of potatoes in that it is a softrot, light 
to dark brown in color, while the blackrot is a comparatively dry rot, 
black or nearly black in color. Jelly-end rot may be described as a soft, 
w*et rot of the tubers proceeding from the stem end downward through 
the tuber attacking all tissues but apparently advancing somewhat more 
rapidly through the vascular bundles. Examination of tubers infected 
with jelly-end rot, however, often reveals no perceptible discoloration of 
the vascular tissue below the line of the rot in the other tissues. As the 
decay becomes older, the stem end becomes somewhat shriveled and 
dried, often closely resembling the type of decay caused in sto#ige by 
F. tridiothecioides Wollenwd Lenticel and eye infections are seldom 
found in connection wdth the jelly-end rot of the Burbank group. 

Occasionally a softrot of the seed end is also found. A Netted Gem 
tuber infected at both the seed end and the stem end is shown in Plate 
XXXV, figure i. F. radicicola was isolated from both ends of this 
tuber. There was apparently no infection in the vascular tissues con- 
necting the two regions of decay. 

At first it was thought that the jelly-end rot of the Burbank group and 
the blackrot of round types of potatoes were two distinct diseases, but 
inoculations made in 1914 into the stem ends of Netted Gem and Idaho 
Rural tubers vith F. radicicola led to the belief that they might be 
caused by the same organism. Material collected in the field, whether 
jelly-end rot or blackrot, when placed in a moist chamber for a few days 

1 J amieson , Clara O .. and Wollenweber, H . W . An external dry rot of potato tubers caused by Fusarium 
tridiothecioides, Wollenw. In Jour. Washineton Acad. Sci., v. a, no. 6, p. 146-15*, iUus. 191a. 
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usually showed tufts of F. radkkola. Infected tubers of Idaho Rural 
potatoes kept lo days in, a moist chamber at room temperature are 
shown in Plate XXXV, figures 4 and 5. Tufts of F. radickola have 
appeared. Inoculations in 1915 left no doubt in the writer’s mind that 
F. radkkola was capable of causing both types of rot. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

F. radkkola is apparently widely distributed. Wollenweber ^ states 
that its habitat is “on partly decayed tubers and roots of plants, 
such as Solatium tuberosum in Europe and America (collected by Wollen- 
weber) and Ipomoea batatas in the United States of America (collected 
by Harter and Field),” Carpenter ^ makes the following statement as 
to its habitat: “On partly decayed tubers and. roots of plants. Cause 
of potato dryrot and jelly-end rot. Identified from the following: 
Ipomoea batatas (collected by Mr. R. R. Harter); Musa sapkntum (col- 
lected by Mr. S, F. Ashby, Jamaica, Porto Rico) ; Cucumis satims (col- 
lected by Mr. F. V, Rand, West Haven, Conn.) ; soil (collected by IMr. 
F. C. Werkenthin, Austin, Tex.).” 

The writer has isolated F. radkkola from the roots of poplar trees 
{Populus delioides) at Jerome, Idaho, where he found it associated with 
crownrot. The fact that the fungus appears on potato tubers when 
disease-free seed potatoes are planted on raw desert lands suggests that 
it may be well distributed throughout the desert soils. Orton ^ in 
1909 reported jelly-end rot of potatoes from the San Joaquin Valley, in 
California. 

F. radkkola has been reported on potatoes from Idaho, Oregon, 
and California by Wollenweber^ and from Idaho, Oregon, California, 
Nevada, Mississippi, New York, Virginia, and the District of Columbia 
by Carpenter.* The writer has isolated this fungus from decayed potato 
tubers from the following localities in Idaho: Idaho Falls, Blackfoot, 
Aberdeen, Rupert, Murtaugh, Twin Falls, Filer, Kimberly, Jerome, 
Wendell, Gooding, King Hill, and Caldwell, and has obser\-ed the rot in 
potato fields in many other localities in the State, The disease appar- 
ently appears at its worst under dry-land-f arming conditions and in raw 
desert land planted to potatoes before having been in other crops. On 
comparing rotted tubers collected by himself in Idaho with specimens 
sent to the Department of Agriculture from California and Oregon he 
was convinced that the rots were of one and the same nature. He 
also observed rots identical in outward appearance with those found in 
Idaho, in Portland, Oreg., Seattle, Wash., and British Columbia. 

» W<^webcr, H. W. Idcntiflcatioti oC species of Fusarium occurring on the sweet potato, Ipomoea 
batatas. In Jour. Agr. Research, v. a, no. 4. P. »S 7 ‘ 

* Carpenter, C. W. Opdt., p. so6. , Pw 

* Orton, W, A. Potato diseases in San Joaquin County, Cal. V. S. Dept. Agr., ur. 

Jj. 14 p. 1909. 

* Wolleoweber, H. W. Op. cit. 

Carpenter, C. W, Op. dt. 
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In the irrigated portions of Idaho the economic importance of the dis- 
ease has varied greatly from year to year. In 1913 the writer was usually 
able to find only an occasional rotted tuber in any one commercial field. 
In a few fields which had been planted on raw desert land and poorly 
cared for he found as high as 80 per cent of the tubers infected with stem- 
end blackrot and lenticel rot. The year 1914 might be called an epidemic 
year. In one 50-acre field of Netted Gems near Jerome, Idaho, he found 
as high as 40 per cent of the crop infected with jelly-end rot. Similar 
conditions were obsen^ed in many other fields in the irrigated portions of 
southern Idaho. Stem-end blackrot and lenticel rot were also found 
very abundant in the fields of Idaho Rurals. It is significant that in 1 914 
a freeze occurred in June which killed the \dnes to the ground, the plants 
coming up anew and producing a crop. Often the origin of infection 
could be traced from the frozen tip of the vine down through the stem 
to the infected tubers. Although infected tubers were found in most of 
the commercial fields visited in 1915, the disease this year was of slight 
importance. 

EXPERIMENTAL WORK 

PRELIMINARY EXPERIMENT IN 1914 

In the fall of 1914 ten Idaho Rural tubers and ten Netted Gem tubers 
were disinfected by dipping in formaldehyde and were punctured at the 
stem end with a needle carrjdng spores from a culture of F. radicicola which 
had been isolated from a potato tuber infected with blackrot. After 
inoculation the tubers %vere placed in moist chambers, where tkey re- 
mained for something over a month. An examination of the tubers 
showed that infection had been produced in every tuber inoculated. The 
infection in the Idaho Rurals was similar in all respects to the blackrot 
occurring in the field. The infection in the Netted Gems was not quite 
so dark in color as that produced in the Idaho Rurals and resembled 
certain stages of jclly-end rot collected in the field. No checks were 
prepared. 

LABORATORY EXPERIMENTS IN I915 

On August 6, young and apparently healthy potato tubers of the 
Netted Gem and Idaho Rural varieties were selected, carefully washed, 
and disinfected in a solution of formaldehyde (i 1240). After disinfec- 
tion the tubers were dried and inoculated unth F. radicicola. The 
methods of inoculation w^ere as follows: (i) By spraying with a spore 
suspension; (2) by wounding the tubers with a needle bearing spores; 
and (3) by dipping the broken stolon ends in a spore suspension. In 
method 3 the tubers ^vere taken from the field wth their stolons at- 
tached, After disinfection each stolon was broken off afresh at from i 
to 2 inches from its junction with the tuber and inoculated as stated in 
the foregoing. 
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Fiity tubers each of Idaho Rural and Netted Gem, rcspcc"u^y^ 
moculated by methods i and e, and twenty-ftve tubers each of Idaho Rural 

and Netted Gem were inoculated by method j . Checks on each experiment 

were prepared m the same manner, except that in method , the tubers 

were sprayed with sterile water, in method 2 the tubers were wounded 

with a sterile needle, and in method 3 the broken stolon ends were 
dipped m stenle water. Inoculated tubers and checks were placed in 
moist chambers and put in the culture room of the Experiment Station 
laboratory. During the course of these experiments the culture-room 
temperature varied from a minirnmn of 20° to a maximum of 29“ C. 
Temperatures were taken daily at S.30 a. m. and 5.30 p. m. Alter a 
month the tubers were examined. Table I gives a summary ot the 
experiments and the number of tubers found infected. 


Tabi^e 1 . —Summary and results of laboratory inoculaimts of Solanum tuberosum 


Method 

No. 

1 Method of inoculation and fjarts inoculated. ' 

i ■ 

Number 
yi lu tiers 

lated. 

Number 
, <'( tubers 
, iufeeicd. 

i 

(Tubers Kpfayed with suspension ol spotes, . . 

ICheck. Tubers sprayed with sterile water 

j (Netted Getn. ... . 

\ Idaho Rural 

(Vetted Ceiu , 

\Idaluj Rural 

Se 

50 

5 ° 

1 4 fS 


j Tubers punctured with inorukted needle at stem end, , 

/N’elted Ceiii 

Piiral 

50 



ICbeelc, Tubers; stem end punctured with sterile 

(NVUed (km ! 


1 


1 aeedle. 

U d ah D Rural 1 

1 ^ 

51 



[Tubers; broken stolon ends dipped in spore suspen- 

(XeUed Gem ' 


3 

sion. 

lldsbo Rural 1 




1 Check. Tubers; broken. stoJon eneJs dipped in. sterile /XeUed Gtm.. .. 




jl water. 

j\ltlabo Rural, 




Of the 50 Netted Gem tubers sprayed with the spore suspension, 48 
showed infection. Stem-end infection was present in each of the inocu- 
lated tubers. Lenticel infections were present on most of the tubers, 
and eye infections were also found- Every Idaho Rural tuber sprayed 
with the spore suspension shouted infection at the. stem end. The ma- 
jority showed lent'cel infections and several showed eye infections. Een- 
ticel infections, induced by spraying wdth the spore suspension, are shown 
in Plate XXXVI, figure 3. In figure 4 of Plate XXXVI is shown the 
same tuber after remaining several days longer in the moist chamber. 
Tufts of F. radkicola have appeared over the surface of the decayed areas. 

A stem-end infection of an Idaho Rural tuber sprayed with the spore 
suspension is shown in Plate XXXVI, figure 5. Eveiy tuber, whether 
Netted Gem or Idaho Rural, developed infection when punctured at the 
stem end with a needle carrying the spores of the fungus. Decays in- 
duced in this manner are shown on Plate XXXVI, figures i and 2. 
Twenty-five stem-end tuber infections resulted from the inoculation of 
the broken stolon ends in the Netted Gems, and 19 in the Idaho Kurals. 
The decay resulting from this method of inoculation was similar in every 
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way to that produced by the other methods. A stem-end infection 
resulting from the inoculation of the broken stolon end under labora- 
tory conditions is shown in Plate XXXVI, figure 6. In Plate XXXVI, 
figure 7, is shown an Idaho Rural tuber cut to expose the blackening of 
the vascular tissue which resulted from the inoculation of the tuber 
stolon. None of the checks were infected. The fungus was recovered 
from the decayed tissues each time the attempt was made. 

EXPERIMIJNTS IN THE FIEED IN 1915 

On August II, in a plot in which disease-free Idaho Rural and Netted 
Gem seed potatoes had been planted, apparently healthy potato plants 
were selected. The soil was removed from around the plants in such 
a manner as to expose the tubers without disturbing their position. 
Three growing tubers under each plant were then inoculated with F. 
radicicola, after w’hich the soil was replaced, care being exercised to place 
moist soil next to the tubers. The methods of inoculation were, respec- 
tively, as follows: (i) By spra^dng the tubers with a spore suspension; 
(2) by wounding each tuber stolon with, a needle bearing spores at from i to 
2 inches from its junction with the tuber; (3) by w^ounding the upper sur- 
face of each tuber with a needle bearing spores, and (4) by puncturing each 
tuber at the stem end with a spore-bearing needle. Ten plants each of 
Idaho Rural and Netted Gem potatoes were used in each experiment. 
As a check on each experiment, a similar number of apparently healthy 
Idaho Rural and Netted Gem plants were selected and a similar number 
of growing tubers treated in the same manner, except that in the case of 
experiment i the tubers w^ere sprayed with sterile water, and in numbers 
2, 3, and 4 a sterile needle was used in place of a spore-bearing needle. 

A fifth experiment was set up in which 10 apparently healthy Idaho 
Rural and 10 apparently healthy Netted Gem plants, growing in the 
same plot with those employed in the four experiments just described, 
were used. In this experiment, the stem of each plant was punctured 
at the crown with a needle carrying spores of F. radicicola. Checks 
were prepared in the same manner, except that the stem of each plant 
was punctured with a sterile needle. 

The soil of the plot in which these experiments were made was very 
dry and no irrigation water could be applied after the inoculations were 
made. During the course of the experiments (August 1 1 to September 6) 
the minimum soil temperature recorded was 66° and the maximum 84° F. 
The soil temperature was taken at a depth at which the potato tubers 
were found lying by burying the bulb of a soil thermograph under a 
potato plant. A little less than a month after making the inoculations 
an examination of all the plants was made. Table 11 gives a summary 
of the experiments and the results obtained from inoculating growing 
potato plants and tubers with F, radicicola. 
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TABhH U.-Sunmary ami results of inoculating potato plants 

Fusarium radicicola 


and iitbers uilk 


Ex- 

peri- 

mmt 


Methocl of inoculation. 


Tubers sprayed with suspension of spores jldaho Runtl 

Check. Tubers sprayed with sterile water ||ldalio RurTl, ! ! [ ! 

Tuber stolons punctured with inoculated needle !/ida^ho R^^rTl! ! 

Check. Tuber stolons punctured with sterile needle , .^jw^aho^J^ind. ! ! ! 

Tubers punctured with inoculated needle !|w^ahQ^Rur!d,l’ , 

_ , j . , . jlNetted Gem .... 

Check. Tubers punctured with stenle needle /Idalio Rural.,.. 1 

, , , dNetteJ Gern,,'! ' ! 

Tubers punctured at stem end with inoculated needle, jidalio Rural 

A Netted Gem . , , 

Check. Tubers punctured at stem end with sterile (Idaho Rural 

: needle INeticd Oein,.,/,'1 

Stem of plant punctured at croivu with juocubted /Irlaho Rural ... I 

needle (.Netted o™ 

Check. Plant stem punctured at crown with sterile /rdaho Rural 

[ n ecdle I N et t cd Gem 


Number 
of inocu- 
lations. 


Number 
of tubers 
infected. 


Of the 30 Idaho Rural tubers sprayed, 15 showed imection with stem- 
end and lenticel rot. Of the 30 Netted Gem tubers sprayed, 17 showed 
stem-end rot, LfCnticel rot did not occur on all of the Netted Gem 
tubers and where it did occur the infections were very slight. The 
thicker skin of the Netted Gem probably renders it more resistant to 
fungus attacks than the Idaho Rural. The failure of a part of the 
sprayed tubem to develop infection can probably be attributed to the 
extremely dry condition of the soil. Infections resulting from spraying 
the growing tubers with a suspension of the spores of F. radicicola 
are shown in Plate XXXVI, figures i to 4. In figure 4, Plate XXXVI, is 
shown an eye infection which has extended down into the vascular sys- 
tem, F. radicicola w'as recovered from the discolored vascular tissue 
of this tuber. None of the checks shoived any infection. Twenty- 
seven Idaho Rural tubers infected with stem-end rot resulted from the 
puncturing of the 30 tuber stolons. The three which failed to develop 
infection were under the same plant. T\veaty-three of the Netted Gem 
tubers whose stolons were inoculated showed stem-end infection. Seven 
showed no evidence of infection in the tubers, though the stolons were 
black and dead up to within about one-eighth of an inch of their juncture 
with the tubers. Where infection in the tuber was found the line of 
infection could easily be traced down the stolon from the point of inocu- 
lation into the tuber. 

Tuber infections resulting from the inoculation of the stolons in the fie d 
are shown in Plate XXXVII, fi.g;ures 5 to 8. Both stem.end rot and vas- 

cular infection are shown. Figure 8, Plate XXXVII, represents a Netted 

Gem tuber with stem-end infection resulting from the inoculation of the 
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stolon. The rot in this case was nearly black in color, soft, and resembled 
the earlier stages of the jelly-end rot often found in commercial fields. 
Vascular infection also developed in this tuber. The fungus was recov- 
ered from all infected tissues whenever the attempt was made. None 
of the checks were infected. Infection resulted in all cases where tubers 
were punctured with a needle carrying the spores of the fungus. None 
of the checks were infected. In the case of the checks the punctures 
could be seen easily but were healed over in each case. The inocula- 
tions made into the stems of potato plants failed to give very decisive 
results. In each case a blackening of the tissue adjacent to the puncture 
was observ^ed. This blackening extended up and down from the point 
of puncture for from one-eighth to one-half an inch and in most cases 
also extended into the pith. 

BLACKROT 

The infections, whether at the stem end, at the lenticels, or at the 
eyes, produced by the artificial inoculation of Idaho Rural tubers with 
F. radicicola, could not be distinguished in any way from the infections 
on decayed tubers collected in the commercial fields. The infections 
resulting from the inoculation of growing tubers in the station plots 
when final examination was made were not as deep or as far advanced 
as many infections occurring naturally in the field, but this can easily 
be explained by the late date at which the inoculations were made. In 
fact, at the time the inoculations were made, tubers wnth well-advanced 
decay were being found in commercial fields. On the other hand, tubers 
with decay no farther advanced than that resulting from the inocula- 
tions have often been found in the field late in the season. In every 
case where an attempt was made, the fungus was recovered. 

Tubers infected by inoculation in the field, by spraying with the spore 
suspension, by the puncture of the tuber with an inoculating needle, 
and by puncture of the tuber stolons, were placed in moist chambers, 
and in each case, after a few days, tufts of F. radicicola appeared. 
Blackrot-infccted tubers in commercial fields, after being kept in a moist 
chamber from 3 to 10 days at temperatures ranging from 65° to 75® F,, 
invariably threw out tufts of this fungus (PI. XXXV, fig. 4i 5)- Isolations 
made from the cortical and medullary tissues of blackrot-infected tubers 
have never yielded any fungus other than F. radicicola, which could be 
considered as the cause of the disease. Isolations made from stem-end 
blackrot-infected Idaho Rurals, Pearls, and other round types of potatoes 
have occasionally yielded F. oxysperum, especially when the culture was 
made from or near the vascular tissue. The failure to obtain F. oxyspo- 
rum from lenticel and eye infections of tubers collected in commercial 
fields leads the writer to conclude that when F. oxysporum is found in 
stem-end infections it probably entered as a vascular parasite, independ- 
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ent of F. radicicola. F. oxysporum has never been found in connection 
with the stem-end blackrot of western potatoes to the exclusion of F. 
radicicola. 

Fully 50 per cent of all cultures made from the decayed cortical and 
medullary tissues of tubers infected with stem-end and lenticel rot have 
remained sterile. This may have been due to improper cultural condi- 
tions, but it is believed that the discoloration of the tuber tissue often 
extends some distance beyond the point actually reached by the invading 
fungus. Stem-end blackrot-infected tubers often show a black net 
necrosis. Isolations made from the black network of bundles, if made 
some distance below the stem end, often fail to reveal any fungus. On 
the other hand, many such cultures have revealed F, radicicola, and 
occasionally both F. radicicola and F. oxysporum. That F. radicicola is 
capable of causing the blackened net, as well as the stem-end blackrot, 
is fully demonstrated by the results of artificial inoculations PI. (XXXVI, 
fig. 7, and PI. XXXVII, fig. 6, 8), though the fungus may not always be 
present throughout the entire length of the blackened bundle area. 


JELLY-END ROT 

Whenever the inoculation of Netted Gem tubers took effect at the stem 
end, an infection typical of certain types of jelly-end rot found in the 
commercial fields was produced. In the moist chamber under laboratory 
conditions infections at the stem end induced by puncturing the tubers, 
by spraying with a spore suspension, or by puncture of the stolons with 
an inoculating needle were fairly typical of the advanced stages of jelly- 
end rot, being soft and watery. Under field conditions, infections at the 
stem end induced by spraying the tubers with the spore suspension, by 
puncturing with an inoculating needle, or by the inoculation of the stolons 
were in no case as pronounced as the infections found occurring naturally 
in the field. Those induced by a puncture at the stem end were deeper 
than those produced by the other methods. 

The failure of the inoculations in the field to develop as severe cases of 
infection as those occurring in nature may be attributed to the late date 
on which the inoculations were made and to the very dry condition of the 
soil. Aside from the depth of the infection at the stem end, the stem-end 
decays induced by artificial inoculation ^Yere very similar in appearance 
to infections found occurring naturally in commercial fields of Netted 
Gem potatoes. Wherever the attempt was made, F. mdkicola was 
recovered from the stem-end infections induced by the inoculations. It 
is evident, therefore, that F. radwicola is capable of producing a jelU- 
end rot of the potato tuber. However, isolations made.frora such rotted 
tubers taken from the field have not always revealed F. radicicola to the 
exclusion of other fungi. F. oxysporum is frequently obtaine 
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Wolletiweber^ reports the isolation of F. orthoceras from jelly-end tubers 
and thought it the probable cause of the disease. The writer has twice 
isolated F. trickothecioides from such tubers fresh from the field. 

Artificial infection of the growing tuber with F. trickothecioides under 
western conditions has never been accomplished. Under conditions of 
high humidity Jamieson and Wollenweber ^ were able to produce an 
infection in the growing tuber with this fungus, but their results are 
not believed to be indicative of what actually takes place in nature in 
the irrigated West, Tubers infected with jelly-end rot, when kept in a 
moist chamber for a few days, invariably threw out tufts of F. radici- 
cola through the lenticels, although from these same tubers with well- 
advanced stem-end rot other fungi, notably F. oxysporum, have been 
isolated from the interior of the tuber. Carpenter ® has shown that F. 
oxysponim is capable of producing a similar rot of the potato tuber, 
and from its frequent occurrence in connection with j ell y-end- rot- 
infected tubers it must be considered as one of the factors involved In 
producing this type of rot. Other Fusarium species, either indepen- 
dent Iv or in conjunction with F. radicicola, may be in part responsible 
for the disease. 

STORAGE EXPERIMENTS 

In the fall of 1914 two ordinary 2-bushel sacks filled with Netted 
Gems infected with jelly-end rot were secured. With a soft blue pencil, 
a line was drawn around each tuber in such a manner that the blue line 
separated the decayed from the healthy tissue. The tubers were then 
sacked and put in storage in the potato cellar of the Jerome Experiment 
Station, at Jerome, Idaho. Fifty tubers each of Pearls and Idaho 
Rurals infected with stem-end and lenticel blackrot wTie secured. On 
each tuber a blue line was drawn around the stem end at the margin of 
the infected and healthy tissues, kenticcl infections were marked in 
the same manner. The marked Pearl and Idaho Rural tubers were 
then sacked and placed in storage near the similarly treated Netted 
Gems infected with jell)'-end rot. 

The storage period w^as from November 15, 1914, to April 12, 1915. 
The temperature of the cellar during this period ranged from 32*^ to 
48® F. During the last six weeks of the storage period the minimum 
temperature %vas 36®, and for the greater part of this time the tem- 
perature approached the maximum of 48®. On April 12 the tubers 
were removed from the sacks and examined one by one to determine 
whether the rot had continued to develop. In no case could any per- 
ceptible advance in the decay be found. It is apparent that neither jelly- 

' Wollenweber, H, W, Studies on the Fufarium problem. In Phytopatholofy, V. j, no. i, P- 
I He., pi. 5. 1913. 

* Jamieson, Clara O., and Wnllemveber, H. W. An external dry rot of potato tubers caused by Fusa- 
riicntrichothecioides, Wollenw. Jour. Washington Acad, Sci,, v. a, no. 6, p. 14^-152, illus. 19”' 

* Carpenter, C. W. Op. cit. 
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?oTunder“"‘ “n-ope.i„ storage at a 

This conclusion is further substantiated by results obtained in storing 
several sacks of blackrot-mfected Idaho Rural and Pearl tubers for 
expenrnental use m the fall of ,9.3. Although the infected stock re- 
mamed m the cellar until the middle of May, ,9.4, when the cellar tem- 
peratures had risen to something over 50" F., the tubers tvere apparentlv 
as sound as at the time they were put in storage. Carpenter ■ has found 
that when tubers were inoculated with F. radkkola and kept at a tem 
perature of ia» C. (approximately 53“ F.) no rot developed 


EFFECT OF PLANTING INFECTED SEED 

In the spring of 1915 three plots were planted with infected seed 
potatoes. Plot t was planted wth Idaho Rural potatoes every 
seed piece of which showed infection with F. radicicok, stern-end 
blackrot, or lenticcl rot. The presence of the fungus was verified by 
artificial cultures. Plot 2 was planted with Pearl potatoes every seed 
piece of which was infected with F. radicicola, stem-end blackrct, or 
lenticel rot, the presence of the fungus being verified by artificial 
cultures. I^Iot 3 was ^ planted with Netted Gem potatoes infected 
with jelly-end rot, The seed pieces were cut from the stem end, care 
being exercised to see that at least one healthy eye was present on 
each seed piece. Cultures from this seed gave a variety of fun'yi, 
including F. radicicola and F. oxyspcriim. Check plots were planted 
with the same varieties. The seed selected for the check plots was 
entirely free from disease and was disinfected for ifi hours irj a solu- 
tion of mercuric chlorid (4 ounces of mercuric chlorid to 30 gallons of 
water). All of the plots were planted on alfalfa land which had never 
before been planted to potatoes. The soil was a heavy clay loam of 
lava-ash formation. Irrigation was given on July 4 and 5, Julv 16, 
July 31, and August i. Throughout the season the plots were kept in 
a good state of tilth, but they suffered somewhat from lack of moisture 
during the latter part of August. Table III shows the percentage of 
disease in the han^sted product. 


Table III . — Percentage of disease in kareesied potatoes 


m! 

1 Variety, 

j 

Condition of seed. 

Percentage of dis- 
ease in tubers. 

No. 1 

Vascular 
j iniection.' 

! Tuber- 
1 rots. 

, 

1 Idaho Rural 

Infected tvith blackrot 

96 

; $1 


Pearl 

do ^ • ■ 


40 

3 

Netted Gem 

Infected rvith ielly-end rot. 


! 0 

4 

Idaho Rural 

bisease-free, disinfected — 


1 ^ 

S 

f Pearl 

do 



(, 

1 Netted Gm 

; do 

i . . 

1 ro 

1 » 


‘Carpenter, C, W, Op, cU. 
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The vascular infection present in plots i and 2 was all of the heavy 
black type demonstrated to be caused by F, radicicola. Numerous 
cultures from the vascular systems of tubers from these plots gave 
the fungus. The percentages of rot include all phases of black rot, in- 
cluding stem-end, lenticel, and eye infections. Strangely enough, no 
tuber- rots developed in plot 3. Of the tubers from plot 3, 16 per cent 
showed vascular infection, of which 14 per cent were of the type 
usually ascribed to F. oxysporum and 2 per cent were of the black 
type caused by F. radicicola. Cultures made from the vascular sys- 
tems of infected tubers in this plot give F. oxysporum in all cases 
of light-brown discoloration and F. radicicola in all cases of black 
vascular discoloration. In the check plots, i per cent of blackrot ap- 
peared in plot 5. The others were free from all tuber-rots. The vas- 
cular infection present in the check plots was for the most part of 
the type ascribed to F. oxysporum. A few tubers showing blackened 
vascular bundles were found, and F. radicicola was isolated from such 
tissues whenever the attempt was made. 

The results clearly show that seed infected with blackrot will produce 
infection in the resulting product. From the fact that no jelly-end rot 
resulted from planting jelly-end- infected seed, the conclusion should not 
be drawn that such seed can not cause infection in the resulting product, 
but rather that it requires conditions for its development different from 
those required for the development of blackrot. 

CONTROL OF BLACKROT 

Absolute control of blackrot will be difficult. When potatoes are 
planted on alfalfa or grain lands blackrot is rarely found if the crop has 
had sufficient water to make good growth conditions possible. Plantings 
of disease-free seed po’tatoes on raw desert lands in 1915 gave as high as 
ir per cent of tubers infected with blackrot in the harvested product, 
whereas plantings of disease-free tubers on alfalfa or grain lands were 
usually free from the disease, although as high as 5 per cent of infected 
potatoes were found in the harvested product of one plot on alfalfa 
land. Judging from the results of three years’ observations in commer- 
cial fields, it is apparent that losses from blackrot can be reduced to a 
minim uni by planting only on land which has been in cultivation for a 
number of years and by giving the growing crop the proper amount of 
water, care, and attention. The crop should be kept in a good growing 
condition until maturity or frost. Jelly-end rot, on the other hand, has 
been found in fields where all the conditions of growth were apparently 
ideal. Some adverse condition, however, is probably responsible for its 
development. Further research upon jelly-end rot and its cause and 
occurrence is highly desirable. 

Both jelly-end rot and black rot -infected toilers may be stored with 
safety, provided the storage cellar is fairly well ventilated and the tem- 
perature kept below 50° F, 
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SUMMARY 

(1) Fusarium radicicola Wollenw. is the cause of a field blackrot of 
potato tubers in southern Idaho. The disease is confined principally to 
potatoes of the round type, such as Idaho Rural and Pearl. 

(2) F. radicicola is capable of causing a jelly-end rot of potatoes simi- 
lar to the jelly-end rot of the Burbank group found in southern Idaho, 
but under actual field conditions other factors are apparently in part 
responsible. 

(3) Neither blackrot nor jelly-end rot makes any progress in storage 
at or below a temperature of so'" V. 

(4) Seed pieces infected with blackrot wall bring about infection in 
the following crop, 

(5) F. radicicola is apparently well distributed' throughout the desert 
soils.. 

(6) Blackrot may be controlled fairly well by planting potatoes only 
on lands which have been in other crops for a number of years and by 
providing good conditions for growth. 



PLATE XXXIV 

Fig. 1,2,3, 4‘ — Types of stem-end bUckrot, lenticel rot, and eye rot in Idaho Rural 
potato tubers. Field material. 

Fig. 5, 6. — Longitudmal and cross sections of an Idaho Rural tuber infected with 
blackrot. Note the blackened vascular system. Field material, 
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PLATE XXXV 


Fig. I.— Netted Gem potato tuber infected with jelly-end rot. A soft bud-end 
infection may also be seen. Field material. 

Fig. 2.— Stem-end view of a Netted Gem tuber infected with jclly-end rot. Field 
material. 

Fig. 3.— Longitudinal section of a Netted Gem tuber infected with jelly-end mt. 
Field material. 

Fig. 4. — Idaho Rural tuber infected with stem-end and lenticel blackrot, after 
having been kept 10 days in a moist chamber. Tufts of Fusarium radicicola have 
appeared. Field material. 

Fig. 5. — Idaho Rural tuber infected wdth lenticel blackrot after having been kept 
in a moist chamber for 10 day's. A single tuft of F. radicicola has appeared, Field 
material. 



PLATE XXXVI 


Fig, I, 2. — Stem-end blackrot produced by stem-end punctures with a needle 
carrying Fusarium radicicola. Netted Gem and Idaho Rural potato tubers. Laboratory 
inoculations. 

Fig. 3.— Lenticel blackrot produced by spraying the tuber with a spore suspension 
of F. radicicola. Netted Gem tuber. Laboratory inoculation. 

Fig. 4. — Same tuber as shown in figure 3; after having been kept a few days longer 
in the moist chamber. Note the tufts of F. radicicola that have appeared. 

Fig. 5. — Stem-end blackrot produced by spraying an Idaho Rural tuber with a 
spore suspension of F, radicicola. Laboratory inoculation, 

Fig. 6. — Stem-end blackrot produced by the inoculation of tlie tuber stolon. Idaho 

Rural tuber. Laboratory inoculation. 

Fig. 7.— Blackened vascular system produced by tlie inoculation of the tuber 
stolon. Idaho Rural tuber. Laboratory inoculation. 






PLATE XXXVH 

Fig. I, 2, 3.-Stem-€nd and lenticel blackrot produced by spraying the growing 
tubers with a spore suspension of Fusanum tadickola. Idaho Rural potato tubers. 
Field inoculations. 

Fig. 4 -Eye infection produced by spraying the growing tuber mth a spore sus- 
pension of F. radicicola. Netted Gem tuber. Field inoculation. 

Fig. 5, 6, 7.— Stem-end blackrot produced by the inoculation of. the stolons of 
grooving Idaho Rural tuber. Field inoculation. ' 

Fig. 8. — Stem-end rot of Netted Gem tuber produced by inoculating the stolon of 
the growing tuber. 
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COMPARATIVI^ STUDY OP THE ROOT SYSTEMS AND 
LEAF AREAS OF CORN AND THE SORGHUMS 

By C. Miixcr,! 

Assistant Plant Physiologist, Departmazt of Botany. Kansas Agricultural Experiment 
Station 

INTRODUCTION 

During the summers of 1914 and 1915 a series of investigations was 
conducted to determine the fundamental characteristics possessed by 
the sorghum plants {Andropogon sorgJmm) which enable them to with- 
stand severe climatic conditions better than the com plant {Zea mays). 
The results of these investigations will be reported in a series of articles 
asNrapidly as the data are assembled. This paper deals with the com- 
parative study of the root systems and leaf areas of corn, Blackhull kafir, 
and Dwarf milo. These experiments W'ere carried on at the State Branch 
Experiment Station at Garden City, Kans. This Station is located in 
the southwestern part of the State, in latitude 37"* 58' north and longitude 
100° 55' west (Greenwich), and has an elevation of 2,940 feet. 

EXPERIMENTAL METHODS 
CLIMATIC DATA 

The instruments for obtaining the weather data consisted of a thermo- 
graph, a hydrograph, a soil thermograph, maximum and minimum 
thermometers, a psychrometer, a rain gauge, an evaporation tank, and 
two anemometers. The max'imum and minimum thermometers, thermo- 
graph, and hydrograph were kept in a standard shelter 4 feet above the 
ground. One of the anemometers measured the wind velocity at a height 
of 2 feet and the other at a height of 8 feet. The 2 -foot anemometer was 
connected with a clock attachment so that the wind velocity for each hour 
was recorded. The bulb of the soil thermograph was buried to a depth 
of I foot. 

A portion of the weather records for the growing seasons of 1914 and 
1915, grouped in 5-day periods, is given in Table I. This table shows 
that the climatic conditions of 1914 and 1915 were in marked contrast. 
The total rainfall for the year 1914 amoutited to only 9,7 inches, while 
that for 1915 totaled 26,77 inches. 

1 Acknowledgments are clue Messrs. J. G. LilJ and C. B. Brown, of the United Stat« Departoent o{ 
Aftriculture, for their aid in obtaining the weather and soii dat.a, and to Mr, M, C. S^-ell, formerly super- 
ititendent of the Experiment Station at Garden City, Kans., for general ass^Wnoe m tins work. 
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Table I. — Summary of the climatic conditions at Garden City, Kans., for ike growing 
months of and igi$ 


Air temperature (* F.). 


Year aad mouth. 

Days (in- 
clusive). 

Average 0 

- 

Maxi- 

muni. 

Mini- 

mum. 

Precip- 

itation. 

Evapora- 

tion. 

Wind 

velocity 

per 

hour. 

Mean. 

Maxi- 

xniuii. 


1914. 







Inches. 

Inches, 

Miles . 

May 

I- 5 

58 

68 

47 

78 

44 

I. 40 

0-953 

9.0 

Do 

6-10 

65 

78 

51 

92 

41 

. 19 

T. 484 

ir. 8 

Do 

11-15 

53 

61 

44 

72 

38 

, 20 

I- 13s 

10. 9 

Do 

16-20 

62 

68 

55 

79 

50 

■ 72 

• 596 

13.6 

Do 

21-25 

72 

84 

59 

90 

57 

. 12 

I. 584 

10. 2 

Do 

25-31 

69 

79 

57 

89 

49 

I. 00 

1, 294 

6.9 

Tune 

1- 5 

76 

87 

65 

92 

62 

■ 19 

I- 432 

1.3-0 

Do 

6-10 

77 

89 

64 

91 

51 

. 21 

I. 728 

15-2 

Do 

ii-iS 

76 

88 

63 

96 

59 

. 61 

I. 520 

9-3 

Do 

16-20 

76 

89 

62 

99 

58 

•39 

1. 409 

6.4 

Do 


82 



98 

64 


r, ogi 

9- 9 

Do 

26-30 

77 

94 

59 

103 

51 

.04 

I. 862 

7-7 

July 

1- 5 

74 

85 

62 

94 

53 

• 15 

I. 200 

6. 1 

Do 

6-10 

77 

91 

60 

93 

53 

, 10 

r. 440 

4-7 

Do 


86 


69 

103 

64 


I. 822 

5. 7 

Do 

16-20 

76 

87 

62 

lor 

58 

. 21 

I. 416 

7-7 

Do 

21-25 

8r 

94 

65 

98 

64 

. i« 

I- 451 

. 5-7 

Do 

26-31 

83 

98 

66 

102 

64 

T. 

2.074 

5-7 

August 

1- 5 

77 

93 

65 

95 

61 

■38 

1-477 

6. 1 

Do 

6-10 

77 

91 

62 

95 

56 

T. 

I. 792 

8. 0 

ITo 

11-15 

77 

91 

62 

95 

58 

• 19 

I. 474 

7.0 

Do 

16-20 

82 

99 

64 

102 

62 

. 06 

1-959 

8. 2 

Do 

21-25 

77 

91 

61 

99 

5° 

. 01 

1- 745 

7-5 

Do 

25-31 

73 

87 

60 

94 

54 

T. 

1- 563 

7-4 

September 

I- 5 

77 

94 

6 q 

103 

55 


I- 739 

7-5 

Do 

6-10 

79 

96 

64 

102 

59 

. 01 

I. 501 

8. 6 

Do 

ii-xs 

75 ! 

89 

58 

96 

48 

•03 

1- 653 

11.4 

Do 

16-20 

77 

90 

60 

97 

56 


I. 390 

7.6 

Do 

21-25 

63 

80 

44 

85 

37 

. II 

1- 343 

6.4 

Do 

26-30 

67 

86 

’51 

90 

47 


.1- 740 

II. I 

^9^5- 










May 

1- 5 

S3 

65 

38 

76 

31 

• 79 

I. 187 

10. 0 

Do 

6-10 

56 

69 

44 

81 

32 


• 985 

7- 7 

Do 

1 11-15 

71 

• 87 

55 

94 

46 


I- 857 

10. 8 

Do 

: 16-20 

46 

55 

39 

68 

32 

2- 38 

I- 324 

12. 2 

Do 

i 20-25 

67 

78 

57 

90 ; 

44 

.07 

I. 069 

8.6 

Do 

; 25-31 

55 

65 

47 

73 

39 

1. 15 1 

I. 169 

8. 1 

Tune 

’ 1- 5 

63 

75 

58 

8t 

55 

. 64 ' 

• 738 

8.7 

Do 

6-10 

64 

78 

52 

86 

36 

• 94 

1.386 

8. 6 

Do 

11-15 

66 

78 

53 

87 

SO 


I. 490 

8. 0 

Do 

16-20 

71 ^ 

85 

61 

95 

56 

.07 

I. 485 

8.8 

Do 

21-25 

69 

79 

58 

91 

56 

. 62 

I. 181 

8.5 

Do 

26-30 

72 

84 

59 

88 

57 : 

. 69 

1.419 

7'i 

July 

1- 5 

66 

77 

55 

83 

49 

■ 57 

I- 451 

8,8 

Do 

6-10 

76 

90 

60 

96 

54 

■ 55 

1- 732 

8. 6 

Do 

11-15 

81 

97 

67 

101 

64 

. 06 

T‘ 743 

6.7 

Do 

16-20 

72 

84 

62 

96 

56 

• 15 

I. 407 

7. 0 

Do 

21-25 

74 

85 

61 

91 

56 

■ 13 

1- 397 


Do 

25-31 

75 

74 

64 

90 

62 

. 24 

I, 528 

6.8 

August 

1- 5 

69 

83 

56 

90 

51 

.90 

I. 012 

5-S 

Do 

6-10 

70 

So 

60 

94 

56 

5- 11 

.860 

4.9 

Do 

11-15 


83 

61 

86 

59 

. 10 

.927 

2.7 
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TABtB l.^Summary of the cUmaHc conditions at Carden Cily, Karts., for the growing 
months of Tgi^ and igi $ — Continued 


August. . 
Do.. 
Do., 
Septemb 
Do,, 
Do- 
Do.. 
Do.. 
Do,. 


and month. 

lays (in- 
clusive). 

Air temperature (“ F.). | 

Precip. 

tatioc. 

Fvapora- 

tiura. 

:■ g-cg-g 

Average of- 


1 

mum. 



Mean. 


1 

mum^ 

igis- 







Inch.,. 

Jncifs. 



16-^0 

61 

80 

61 

84 

57 

0.03 , 

0. 790 

3.2 


21-25 

70 

Si 

60 

84 

57 

.46 

1. qi 8 

4.4 


25-3^ 

63 

77 


85 

40 


1.313 

4-7 

iber 

I- 5 

68 

83 

55 

87 

51 

. S2 

I. 424 

7.4 

6-:o 

69 

Si 

56 

gr 

54 


I. 029 

6-3 


ii-iS 

71 

84 

60 

97 

53 

T. 

•9^3 

7. 2 


j6-20 

69 

82 

55 

87 

39 

. 20 

r. 072 

S-2 


, 21-25 

66 

76 

58 

84 

50 

1, 00 

. 864 

18, 3 


. 25-30 

S 6 

67 

48 

I 78 

44 

•25 

. 665 

4. 4 


During the growing months of May, June, July, August, and Septem- 
ber in. 1914 the rainfall amounted to only 6.42 inches, while during the 
same months in 1915 it amounted to 17.88 inches. Table H gives the 
number of inches of rainfall for each month during 1914 and 1915. 

TablB 11 .--Rainfall {in inches) at Garden City, Kans., in igig and igi§ 


— 

Year. ij 

Month. 

Year. 

Month. 

1914 

m$ l| 

! ^9^4 

I9>5 


None. 

None. 1 

July 

0. 56 
.64 j 

• 15 . 

r. 48 
Trace. 

. 06 

1. 66 

6, 60 

2. 27 
1-79 

. 12 


Trace. 

‘'■ill 

An^st 

March 

Trace. 

, iS i{ 

September 


1. 74 

2.67 '1 



3. ^3 

4 59 '' 

November 

1 1. 6 

June 

1. 44 

2. 96 j 

j December 





tion, was appreciably lower in 


evaporation from a free water surface for each mouth of the growing 
season is given in Table III. 

. ’ t Carden Cii\ Kans., for the growing months of 

Taulb m.^Evaporaiton {tn ^ ^ 


May. . 
June. 
July.. 


year. I 

1 I5>r4 

1915 

7- 046 
9- 943 

, 9.403 

7‘ 593 

7. 699 1 
9. 258 1 


August 

September . , 


la oio 
9.366 


5, 920 

6.037 
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The evaporation during 5 -day periods for the two growing seasons 
is sFJown graphically in figure i . 

GENER.\L OUTLINE OF THE WORK 

The experiments herein reported were conducted with Pride of Saline 
corn, Blackhull kafir, and Dwarf milo. The plants were grown both In 
the field and in large galvanized -iron cans. The investigations with 
the plants in the field included (i) the isolation of the root systems of 



Fic;. 1,— Evaporation from a free water surface (tank) at Garden City, Kans., during the growing seasons 
of 1914 and 1915. 


com, Blackhull kafir, and Dwarf milo at three stages of their growth; 
(2) a study of these root systems in relation to their general extent, as 
well as the number of their primary and secondary roots; (3) a com- 
parative study of the leaf and sheath areas of these three plants at four 
periods of their growth; (4) a study of the soil-moisture content and 
the depth of root penetration. 

The plants grown in the large iron containers furnished the material 
for a study of the relative dry weights of .th6 roots and aerial portions 
of corn, Blackhull kafir, and Dwarf milo. 


May ,s>. »gt6 Root Systems ami L eaf Areas of Corn and Sorghum 3 1 5 
CUUURAI. METHODS 

The soil in which the plants were grown is know’n as a sandy l^ni of 
the Richfield series and shows very little difference in its texture in the 
upper 10 feet. Tables VIII and IX give the moisture equivalent and the 
wilting coefficient (i, p. 56-73) ^ for the soil at each foot to a depth of 
10 feet on the plots which w^ere used in 1914 and 1915, respectively. 

The plants were grown on plots w'hich had been in Dwarf milo the 
previous season. The land w'as plowed in the fall to a depth of 6 inches 
and then irrigated with approximately 8 to 10 inches of water or until 
the soil was saturated to a depth of from 3 to 4 feet. It received no 
further attention until spring, when it recei\'ed several shallow cultiva- 
tions, was then harrowed, and before planting was leveled with a float. 

In order that the plants might be under the same conditions, the corn, 
kafir, and milo were planted in alternate rows ‘on the same plots. On 
May 23, 1914, and on May 26, 1915, the crops were surface-planted in 
rows 44 inches apart. After the plants were a few inches in height the 
corn in the rows was thinned to a distance of to 2 feet betw'een the 
plants, Blackhull kafir from i to ijd feet, and the Dwarf milo from 8 
inches to i foot. The plants were kept free from suckers at all times 
during the growing season. The plots wame scraped with a hoe as often, 
as was necessary to keep them free from weeds, but no other cultivation 
was given. After the fall irrigation the plots received no water other 
than that from the rainfall. 

The relative weights of the root systems and aerial portions of the 
com, Blackhull kafir, and Dwarf milo were obtained from plants grown 
in large sealed metal containers. These cans were made of 22-gange 
galvanized iron and were 24 inches in height with a diameter of about 15 
inches; and in this experiment each can contained from 100 to no kgm, 
of soil. The surface foot of the field soil was worked through a ’{-inch 
mesh screen and then thoroughly tamped in the cans. This soil was 
in good tilth, and for both seasons had a moisture content of 20 to 21 
per cent (dry basis). This moisture content was kept approximately 
constant during the growing season by weighing the cans every 48 hours 
and then replacing the water that had been lost by the method used by 
Briggs and Shantz (2) in their work on the neater requirement of plants. 
Different numbers of plants were grown in each can, as will be shown in 
the tables that record the data for this part of the work. 
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taiiiing the plants whose root systems are desired and then placing over 
this ||lock of earth a wire cage of such a shape and size as to fit closely to 
the vertical sides of the block. Numerous small wires are then run 
through the prism of earth and fastened to each side of the cage. The 
plants arc fastened to the cage at the surface of the soil and the roots 
washed free from dirt by means of a stream of water. When the earth 
is washed away, the main roots remain suspended on the cross wires in 
the same position that they occupied in the soil. 

This method is open to criticism, first; because in order to use it with 
any degree of satisfaction the prism of soil must be limited to about 18 
inches in thickness, and on this account one obtains only a section of the 
root system. Furthermore, the main roots of the plant may not be in the 
prism of soil which has been isolated; therefore, when the soil is washed 
away, only a poor representation of the root system is obtained. Finally, 
although the primary roots of the plant remain on fhe wires in the same 
position that they occupied in the soil, it is impossible to retain all the 
finer roots in their normal position. No method has been devised, so 
far as is known to the writer, whereby the root systems of mature plants 
growing in the field under natural conditions can be isolated intact. 
The method of Rotmistrov (6) for obtaining complete root systems is 
open to criticism because root systems certainly would not develop 
normally in so small a volume of soil. For a comparative study of the 
general nature of the root systems of plants, growing under field condi- 
tions, the modified method of King as used in these experiments seems 
to be the least objectionable. 

In the ^vork reported in this paper, sections of the root systems were 
obtained crosswise of the rows. The prisms of soil varied from 15 to 18 
inches in thickness and were isolated by digging a trench 2^ feet -wide 
around them. After the isolation of a prism of soil, a wooden frame- 
work of light material was fitted snugly over it. Ordinary wire fencing 
with u 4- to 6-inch rectangular mesh was placed on two sides of the frame- 
work (FI. XXXVIII, fig. 1, 2). This was found to be much more sat- 
isfactory than the poultry netting used by King and Ten Eyck, since 
the small mesh of such netting made it impossible to photograph the root 
systems with any degree of satisfaction after they had been isolated. 
The plant stubs and root crowns were held in place by wiring them to 
narrow strips of inch boards which were placed crosswise of the soil 
block at the surface of the soil and nailed to both sides of the framework 
of the cage. This method is much more convenient and simple than the 
one used by King (5) and Ten Eyck (9, 10, ii). In order to hold the 
plants in place, these investigators removed the upper portion of the 
soil surrounding the crown of the plant, and replaced it by a plaster of 
Paris cast. 

For cross wires, ordinary broom wire was found to be the most satis- 
factory. Owing to the compactness of the soil, a }J-inch iron rod pointed 
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at one end and provided with a wooden handle at the other was em- 
ployed to make a passage through the soil block for the cross wircsIPl 
XXXVin, fig. 2). In the upper . feet of soil the cross wires were 
pushed through the block of soil at interv^als of 3 to 4 inches on both 
the vertical and horizontal wires of the cage, while below that depth 
they were placed at the intersections only of the vertical and horizontal 
wires. In the isolation of the root systems of two mature plants, be- 
tween 200 and 250 cross wires were pushed through the soil prism. * 
Several methods of washing the soil axvay from the roots were tried, 
but the following was found the most desirable: The trench around the 
block of soil was partially filled wdth water from an irrigation ditch near 
by; and then by means of a pitcher pump connected with a X-inch pipe 
of convenient length the water was pumped into a piece of galvanized- 
iron eaves trough and allowed to flow gently on the prism of soil (PI. 
XXXVIII, fig. 3), In this manner the same water could be used o\Tr 
and over again. As soon <as any of the larger roots were exposed they 
were carefully tied to the cross wires so that they would not he moved 
from their original position by the further ^vashing. When the dirt that 
had been washed from the soil prism had filled the trenches to the sur- 
face of the water, the washing was discontinued and the water allowed 
to soak away. The soil that had been washed into the trenches was 
then removed, the trench again partially filled with water, and the wash- 
ing continued. This routine, especially in working with mature plants, 
had to be repeated several times. After the soil had been 'washed from 
all the roots, the cages containing them were taken up, the unused cross 
wires removed and the root systems studied and photographed. 

ISOI.ATION Olf THE ROOT SYSTEMS FROM LARGE VESSELS 

The following method was used in the isolation of the root systems of 
the plants that were grown in large galvanized -iron cans : 

As soon as the aerial portions of the plants were harvested, the soil 
contained in the can was emptied upon a cleared space; and all the larger 
roots were removed from the soil by carefully working it over, a handful 
at a time. In order to separate the soil from the root particles still re- 
maiiiing in It, as much of the soil as possible was shaken through a sieve 
\rith a T^-inch mesh. In this manner all the finer root portions, together 
with the larger soil particles, remained upon the screen. Ihc root 
remnants and the soil particles on the sieve were then placed in a vessel 
and covered with a large excess of water, which was stirred vigorously 
until all the lumps of soil had disintegrated. All the root remnants 
floated to the surface of the water, and as soon as the soil in the vessel 
had settled, they were removed by pouring the water upon the line 
sieve. All the roots which were obtained from each can were placed 
upon the fine screen and washed carefully a number of times until, so 
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far as could be seen, they were free from sand particles. The roots were 
then dried in a hot-air oven at 105° C. and their dry weight obtained. 

determination oe the eeae area 

For obtaining the leaf and sheath areas five representative plants of 
the com, kafir, and inilo, respectively, were selected at the desired stage 
of growth. Their leaves and sheaths were -cut into convenient pieces, 
and the outlines of these portions were carefully traced with a hard lead 
pencil on ordinary unruled paper. The outlines thus obtained were 
traced with a polar planimeter and the inclosed area calculated. In 
dealing with that portion of the leaf which was not yet fully unfolded, 
care was taken that the measurements included only that surface of the 
unfolding leaf that was exposed to the air. 

GENERAL DISCUSSION OF EXPERIMENTAL DATA 
Extent oe the root systems 


The root systems of com, kafir, and milo growing in the field were 
isolated at four stages of growth in 1914 and at three stages in 1915. 
A summary of the general extent of the root systems of these plants is 
given in Table IV. 

TvbIvE IV. — Gerw-ral summary of the root systems isolated during the summers of igi^ 
and igi$ at Garden City, Kans. 




Height 

of 

plants. 

Greatest 

Greatest 

Greatest 

Date, 

Crop. 

depth of 
root pen- 

lateral 
extent of 

length of 
a single 



etration. 

roots. 

root. 

404 . 


Ft. 


Ft. 

n. 

Ft. 


Ft. in. 

June J 4 

Corn. Pride of Saline . . , , 

I 

6 

I 

4 


9 

3 3 






6 





Milo. Dwarf 




6 



- 

July 17 

Com, Pride of Saline — 

3 

6 

3 


3 

6 

3 8 




6 


6 



■■ 0 










Aug. I 

Com, Pride of Saline. . , . 

S 

6 

4 

0 

2 

6 

4 8 


Kafir. Blackhull 


PI 


p, 


6 

5 8 

5 6 


Milo, Dwarf 






6 

Aug. 25 

Com, Pride of Saline 

6 

0 

6 

0 

3 


7 0 


Kafir, Blackhull 



6 


3 

TO 

8 3 


Milo. Dwarf 

3 


6 

n 

6 

1 ^ 

I 9 I 5 ' 

July JO 

Com, Pride of Saline, , . . 

6 

I 

3 



3 f 


Kafir, Blackhull 

I 



6 



3 3 


Milo, Dwarf 

I 

0 

3 


3 

0 

3 6 

30 

Com, Pride of Saline. . . 

5 

0 

4 

6 

3 

X 

6 0 

Kafir. Blackhull 


6 


6 


8 

5 j 


Milo, Dwarf 




6 


8 

6 Q 

Sept. 3 

Corn, Pride of Saline 

7 

0 

t 


i 5 

8 

7 0 


Kafir, Blackhull 

6 


6 

0 

8 

S S 


Milo, Dwarf i 


6 

6 



8 

6 8 

1 










Gwieral remarks. 


4 fully unfolded and ^ par- 
tially unfolded leaver. 

Do. 

Do. 

5 fully and 6 partially un- 
folded leaves. 

6 fully and 4 partially un- 
folded leavts. 

"Rooting.” 

“Shooting.” 

Heading . 

Seed in milk staKe. 

End of vegetative growth, 
grains glazed, 
in milk. 

Seed fully ripe. 


4 fully and 4 partially un- 
folded leaves. 


Do. 

Tassel peeping. 

7 fully unfolded and s par- 
tially unfolded leaves. 
Blooming. 

Early milk stage. 
Blooming. 

Seed in milk stage. 
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Stage I.~At this period of growth, the plants of Dwarf inilo and Black- 
hull kafir had reached a height of i foot and had four fully and four par- 
tially unfolded leaves, while the corn plants with the same number of 
leaves had a height of i foot 6 inches. In 1914 the plants reached this 
Stage on June 24, four weeks from the time of planting the seed ; but In 
1915, owing to cool weather, they did not reach this stage until July 10, 
*six weeks after seeding (PI. XLIII, fig. i). 

In 1914 the greatest depth reached by the root system of the corn plant 
at this stage was i foot 4 inches, while the greatest depth of the kafir and 
milo roots was i foot 6 inches. At this time the roots of the corn ex- 
tended horizontally to a distance of 2 feet 9 inches, while in the same 
direction the roots of both kafir and inilo extended 3 feet (PI XXXIX, 
fig. 3). The depth of root penetration for corn and kafir at this stage was 
practically the same in 1915 as in 1914, but Dwarf milo exceeded the 
depth reached the previous year by 6 inches. The maximum lateral ex- 
tent of the com roots was the same as in 1914, but it was i foot less for 
the kafir and milo (Pi. XXXIX, fig. 2,4). 

At this time the differences exhibited by these three plants in their 
method of rooting were very slight. The number of primary roots which 
penetrated to a depth of a foot w^as between 12 and 15 for each plant, but 
more of the first primary roots of the corn took a liorizontal direction 
than did those of the kafir and milo. On this account more of the primary 
roots of the latter penetrated to the maximum depth than did those of the 
com plant. The secondary roots of all the plants grew both upward and 
downward from the primary roots, so that at this stage the upper foot of 
soil was filled with a network of roots to within inch of the surface. 

Stage II.— The root systems at this period of growth were isolated only 
in 1914. At this time the com plants had reached a height of 3^ and 
had 8 fully and 6 partially unfolded leaves, while Blackhull kafir, with 
approximately the same number of leaves, had a height of 2^ feet. The 
Dwarf milo plants had from 9 to 10 fully unfolded leaves, including the 
"boot'’ leaf, and stood feet high. The plants reached this stage on 
July 17, seven weeks from the time of planting (Pi. XLIV , fig. O' 

The greatest depth reached by the corn roots at this time was 3 feet, 
while the maximum depth for Blackhull kafir and Dwarf milo was 2 feet 
6 inches and 2 feet 9 inches, respectively. The greatest lateral extent 
reached by the roots of com and Dwarf milo at this period was 3 feet, 
while the roots of standard katir extended horizontally for a distance of 4 
feet. The tendency of the first primary roots of the com to take a more 
horizontal direction than those of the sorghums is well shown at tus 


stage (PI. XXXIX, fig. i). , , 

It was found that the later roots of the com take the same genera 
direction as do those of Blackhull kafir and Dna mi 0, an 1 
maximum depth of root peiiertatioii is practically the same for t 
plants. 
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Stage IIL— *In 1914 the roots of the three plants were isolated about 
the first of August, 10 weeks from the time of planting. The com at this 
stage was shooting and had a height of 53.^ feet, while Blackhull kafir 
was heading and stood 4 feet high. The seed of the Dwarf milo was in 
the milk stage, and the plant had reached a height of 3 feet. 

The greatest depth of root penetration at this stage was 4 feet for all 
the plants. The maximum lateral extent of the roots of com was 2X' 
feet, while the roots of both Blackhull kafir and Dwarf milo showed a 
maximum horizontal extent of 3^ feet (PI. Xh, fig. 2). 

The roots at this stage were isolated on July 17, 1915, when the plants 
had reached the same age at which they were examined the previous 
year. The com at this date stood 5 feet high, and the tassel was just 
beginning to show-. Blackhull kafir stood 3 feet high and had seven 
fully and five partially unfolded leaves. The Dwarf milo was blooming 
and had a height of 3 feet. 

The maximum depth and lateral extent of the roots at this stage 
was found to be approximately the same for all three plants. The 
greatest depth of the roots was 4J^ feet, while the greatest extent in a 
horizontal direction was approximately 3JJ feet. 

Stage IV. — The root systems at this stage were isolated on August 
25, 1914, when the plants were 13 wrecks old. The com had reached a 
height of 6 feet and the grain was in a glazed condition. The seed 
of Blackhull kafir was in the milk stage and the plants which stood 
5 feet high had reached their maximum vegetative growth. The seed 
of the Dwarf milo was fully ripe, and the plants had made little if any 
growth since the previous stage (Pi. XLIV, fig. 2). 

The roots of all three plants were found to reach a maximum depth 
of 6 feet, while the greatest lateral extent for all three was between 
3 and 4 feet (PI. XL, fig. i). 

In 1915 the plants had not reached their full vegetative growth until 
September 3, and even at that date they were not nearly as mature 
as those examined at the same age in 1914. The com was 7 feet high, 
and the grain was in the early milk stage. Blackhull kafir was in. 
bloom and had a height of 6 feet, while the grain of the Dwarf milo 
was in the milk stage and the plants stood 3j4 feet high. 

The maximum depth of the root systems was 6 feet for each plant, while 
while the maximum extent horizontally for each was feet (Pi. XLI, 
fig. 1,2). 

Both the primary and secondary roots of Dwarf milo and Blackhull 
kafir at all stages of growth were more fibrous than those of the com. 
The length of the secondary roots was found to be approximately the 
same for the three plants at any given stage of growth. The secondary 
roots of kafir and Dwarf milo broke so easily in the washing process that 
it was almost impossible to obtain them intact from the soil which was 
used in this experiment (Pi. XLII, fig. i, 2). 
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It has been shown m the foregoing discussion of the isolation of the 
root systems of com Blackhull kafir, and Dwarf mflo at the vari , 
^nods of growth, that no marked differences were to be obsm d 
between these plants m regard to the nun.ber and general extern of Seh 
pnnrary roots. It was thought advisable on this account to make a 
study of the number of secondary roots possessed by the three plants 
at different stages of growth. ^ ^ 

After the isolated root systems had been studied and photographed 
the pnmary roots of each plant were cut into inch lengths and the number 
of the secondary roots originating from each unit of length was deter 
mined under a dissecting microscope. The results of this investiga- 
tion for all the stages of root growth examined in 1914 and 1915 arc 
shown in Table V. It was found from 321 observations of the roots of 
the com, 311 of Dwarf milo and 210 of Blackhull kafir that the number 
of secondary roots per unit of length of primary root was approximately 
twice as great for the 0 sorghums as for the com. This fact stands 
out strikingly not only for each year but for all the different stages 
of the development of the root systems (PI. Xbll, fig. i, 2). 


Tabi,R V,— iVumfier 0/ secondary roots per unit of kngik of primary roots of corn kafit 
and milo in IQ14 and igi^ at Garden City, Kans. 



Stage of 
growth 


Average 

Average 

Year and crop, | 

fhdjfht of 


number nf 

number of 


plants in 


nxits ptT 

evatimeter. 


ftet). 



1914. 1 


33 

.5 

6 

Corn, Pride of Salme ^ 

1 3 ^^ 1 

37 

17 

1 

1 ^ i 

! 57 

12 

5 

1 

1 6 i 

1 

II 

d 

1 

^ ! 

; 21 

25 

10 

Milo, Dwarf., 

2 K ; 

I S 4 

29 

12 

1 : 

3 

P 

26 

10 

Kafir, Blackhull j 

j' 

: 2 'i 

40 

31 

12 

5 

60 

26 

10 

1915- i 

f I."/ 

SO 

16 

1 6 

Corn, Pride of Saline < 

1 5 


12 

S 


L 7 

47 

12 

5 


f r 

24 

33 ^ 

9 

Milo, Dwarf | 

, 3 

70 

30 

12 


; 3 'a 

70 

25 

10 

Kafir, Blackhull 1 

i' 

I 

6 

1 

40 

70 

20 ' 
20 

8 

8 


WEIGHT OF THE ROOTS AND AERIAL PORTIONS OF THE PLANTS 

A comparative study was made of the dry weight of the aerial parts 
and roots of corn, Blackhull kafir, and Dwarf milo in 1914, and for these 
three plants and Dwarf Blackhull kafir in 1915. The root systems that 
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were isolated for this study were obtained from mature plants which were 
grown primarily for transpiration studies in the large metal cans pre- 
viously described. The plants made a vigorous growth and compared 
very favorably in every way with the plants that were grown under 
field conditions. 

Three corn plants were grown in each can during both seasons. In 
1914 the com reached a height of 5 feet, and in 1915 it stood 6 feet high, 
but no grain was produced in either season. In 1914 six Dwarf milo 
plants were grown in each can, but in 1915 the number of plants was 
reduced to three to each can. Six Blackhull kafir plants were grown to 
each can in 1914 and three plants to each can in 1915. 

The Dwarf milo reached a height of 3 feet in 1914, while in 1915 it 
stood 4^ feet high. The Blackhull kafir plants attained a height of 5 
feet in 1914, but in 1915 they reached a height of 6 feet. Dwarf Black- 
hull kafir was planted during the season of 1915 only, and three plants 
were grovm in each can. These plants reached a height of 4X 'I'be 
results for the two seasons arc shown in Table VI. 

Table VI . — Relative ueight of the. roots and aerial portions of corn, kafir, and milo in 
igij} and IQ15 at Garden City, Kans. 

1914 


Crop and can No. 

Number 
of plants. 

Weight of 
stem, leaves, 
and grain. 

W eight of 
Stem and 
leaves. 

Weight of 
roots. 

Ratio of the 
weight of 
stem, leaves, 
and grain to 
weight of 
the roots. 

Ratio of the 
weight of 
the stem 
and leaves 
to the weight 
of the roots. 

Milo, Dwarf: 

6 

Gtn. 

187-3 

161. 5 
173 - 9 
184. 4 
161. 7 

159-7 

Gftt, 

115-5 

Gtn, 

II. 7 

10. 7 
12. 9 

16 



I 6 

IS 

13-4 

15-3 

13-4 

16.8 

11. 3 


6 

128. 7 

9-9 

8.7 


6 

12. 0 


6 

102. 9 

12. 0 

8-5 

6 

6 


1 9 - 5 

9. 6 










15.0 : 

9. 6 







Kafir, Blackhull: 

4 

217.9 ' 
234. 1 
212. 6 

163.4 

167.4 

157- 1 

1-59. 0 
123. 6 
180. 0 

16.5 
12. 0 

13.2 
. 18. 1 

9-9 
12. 9 
II. 0 

8 

5 


5 

14.2 
13.8 
10. 9 
20. 8 ' 

149 

15-9 

i6. 1 

9 * • 

10 

6 

219. 5 
175-6 
257-3 

11-5 

11-3 

8.8 

II 

4 

TO . 

6 

12.3 




Average ratio . 





I 0 

10. 9 







Com, Pride of Sa- 
line: 

3 

3 

3 

3 


150.6 

153-9 
131-4 
163. 7 

13-7 

15-9 

13. 6 


10, 7 

T,J ^ r - - - - 



9. 6 

le 



8.4 

lA 


16. 4 


9-9 




Average ratio. 






9 - 6 
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Table VL-Relative might of ih^ roofs and ^rial portions of corn, kafir, and milo in 
IQ14 Garden City, Kans . — Continued 




Average ratio 

Kafir, Dwarf Black- 
hull: 

13 

14 

15 

16 


Average ratio |. , 

Kafir, Blackhull: | 
iS 


53- ■ 

54- 

55- 

56. 

57- 

ss. 


Average ratio. 

Com, Pride of Sa- 
line: 

24 

25 

26 


Crop and can No. 

Number 
of plants. 

Weight of 
stem, leaves, 
and grain. 

. 

Weight of 
Stem and 
leavK. 

Weight of 

Ratio of the 
weight of 
stem, leaves, 
and grain to 
weight of 
the roots. 

Ratio of the 
weight of 
the stem 
and leaves 
to the weight 
of the roots. 

Milo, Dwarf: 

2 

3 

Gfft. 

214, 6 ' 

Cm. 

III. 5 

Gm. 

^ 3 -S 

15.8 

8.2 

3 

3 

226. 4 

HI. 8 

12.7 

17.8 

8.8 

5 1 

1 3 

2 . 31-4 

125,8 

14. 0 

16. 5 

8.9 

6 

! 3 

223-3 

121,3 

22.4 

“ (9-9 ) 

“(5-4) 

7 ' 

1 ^ 

233-3 

123- 7 

15.0 

^s-s 

8. 2 

8 

3 

217. 6 

no. 0 

14. 0 

15- 5 

7-8 

ii 

3 

230- 5 

115.8 

i 5 . 8 

1 13- 7 

6.8 

J 2 


225.8 

117-5 

15.0 

15.0 

7.8 


27- 

28. 

29. 
42. 
43- 


Average ratio I 


249. 7 
221. 8 
257. 8 
168. 8 
230. 2 


341- 7 

219,3 

299.7 
287 

31a. 3 

342.8 
333-8 
354-3 


147 

207 

206 

213 

253 

219 

244 


16, o 
13. 6 
15-4 
JO. 4 

j6. 9 


15.6 
16.3 
16, 7 
16. 2 

13.6 


19. o 
14. 6 
25.0 
23- 5 
U-7 
21. 0 

14, 7 


234 

302 

211 

22$ 

239 

2-19 


3°- 5 
33-1 : 
26. 0 : 
28,2 : 
33- ^ • 
oi-7 i 
24- 7 : 


8.9 

9.8 

8.9 
9-3 
8.0 


8.9 


ir. 3 
10. O 
8 . 2 
8.7 
" (14- 4) 

12. Q 
10. 9 
-^(16.6) 


a NTot included in tt»p average. 


The root systems of Dwarf milo and BlackhnII kafir were isolated fiom 
six cans in 1914 and from eight cans in 1915. The average ratio 01 1 le 
dry weight of the grain and of the stem and leaves of Dwarf milo to the 
dry weight of the roots was as 15 to i in i9H and as 15.7 to i m 1915. 
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The dry weight of the stem and leaves was 9.6 times the weight of the 
roots in 1914, and 8 times their weight in 1915. In 1914 the dry weight 
of the grain, stem, and leaves of Blackhull kafir was 15 times that of the 
roots, while the ratio of the dry weight of the stem and leaves to the dry 
weight of the roots was as 10.9 to i. The average ratio of the weight of 
all the aerial parts to the root weight in 1915 was as 14.9 to i, while the 
weight of the stem and leaves was 10. i times that of the roots. In 1914 
root systems of com were obtained from 4 cans and from 10 cans in 1915. 
The average ratio of the weight of the stem and leaves to the weight of 
the roots was 9.6 in 1914 and 7.8 in 1915. The roots of Dwarf Blackhull 
kafir were isolated from five cans in 1915. The weight of all the aerial 
parts was 15.7 times that of the roots, while the ratio of the weight of 
the stem and leaves to the weight of the roots was 8.9 to i. 

For the purpose of comparison the results obtained by various investi- 
gators for the relative weights of the tops and roots of plants are given 
here. It must be borne in mind, however, that the relative weights of 
the roots and aerial portions of plants vary according to the conditions 
under which they are grown. It has been shown (4, 8, 12) that, among 
other factors, the soil-moisture content and the amount of available plant 
nutrients are important in determining the ratio of the weight of the 
tops of plants to their root weight. Hellriegel (3) found the ratio of the 
aerial portions of mature barley and oat plants to the weight of their 
roots to be 1 1.6 to I, and 6.6 to 1, respectively. Schulze (7) reports the 
ratio of the weight of the aerial portions to the weight of the roots to be 
10.8, 13.5, and ii.i, respectively, for mature wheat, barley, and oat 
plants. King (5) found the weight of the aerial part of mature com to 
be 7 times that of the root weight, while Kiesselbach (4) found the ratio 
of the weight of the tops to the root weight to be 8.5 for com plants 
grown in a soil with a water content of 98 per cent and 5.2 for plants 
growing in a soil with a water content of 20 per cent. 

SOIL- moisture content and the depth of root penetration 

In order to be able more exactly to define the conditions under which 
the plants used for root examinations were grown, soil samples for 
moisture determinations were taken at intervals of from 10 to 14 days 
from the plots upon which the com, standard kafir, and Dwarf milo 
grew. Since the moisture content of the soil was determined a few days 
before or a few days after the isolation of the various root systems, it 
was possible to compare the depth of the penetration of the roots \vith the 
depth of the moisture depletion of the soil. 

The results of these observations are given in Table VII. The moisture 
content of the soil for each foot to a depth of 10 feet is shown for several 
periods of the two growing seasons. The depth of the root penetration 
was determined from the root systems isolated at the various stages 



Mar *9. 1916 ^oot Systems and Leaf Areas of Corn and Sorghum 


325 


which have already been described. The moisture equivalent, together 
with the wilting coefficient obtained from it by the formula of Briggs and 
Shantz (i. p. 56-73) each foot of soil, is also included therein. 


Tabus yil.^SoiUnoisture conUnt and depth of root penetraiion of corn, kufir and 
milo tn igx4 and iQiy at Garden City, Kans, 



The season of 1914 was especially favorable for such an observation, 
since the rainfall for the last half of June amounted to only 044 inch, and 
for July and August 0.56 and 0.64 inch, respectively. This amount of 
rainfall, a little ov^er inches for the23T moiiths, caineat 12 different 
periods, so that with the exception of the first foot of soil no influence was 
exerted by the rainfall upon the original soil-nioistiirc content. Ihc sea- 
son of 1915 was not so favorable for an observation of this kind, but the 
results, while not so striking as those of 1914, show the same facts. It 
should be borne in mind in studying Table VH that in 1914 the soil sam- 
ples which were taken on July 2 and 21 were procured from five to six 
days after the isolation of the root systems whose depths are recorded for 
that date. Furthermore, in 1915 the samples for July 12 and August 6 
were taken two and six days, respectively, after tlie recorded depths 0 
the root systems. 

The results of these experiments for both seasons seem to show that 
there was little if any depiction of the soil moisture below the depth to 
which the roots penetrated. 

36290"~16 3 



326 


Journal of Agricultural Research 


Vot. VI. No. 9 


LEAF AND SHEATH AREAS ^ 

The leaf and sheath areas of com, Blackhull kafir, and Dwarf milo were 
determined at four stages of growth in 1914. The results of these meas- 
urements are shown in Table VIII. Figures 2 and 3 represent these 
areas graphically. 


TablU Vin. — Dr>’ weight, kaf and sheath areas of corn, kafir, and milo at different 
stages of growth in IQI4 at Garden City, Kans. 
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STAGS n. 
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— 


1 In ibis paper the term *' leal area" means the surface inelnscd by the margins of the leaves. The total 
leaf surface exposed to the air therefore would be twice the leal area. 
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STAGE in — continued. 
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* F— Leavrs fully' unfolded ; P** Leaves partial!)' unfolded, * Leaf surfai.e eyiiab t » u-e tliese fi,"ures. 


Stage I. — The plants reached this stage one month from the time of 
planting. Each plant showed four fully and four partially unfolded 
leaves. The Dwarf milo and Blackhull kafir plants had reached a height 
of I foot, while the com plants stood iX feet high (PI, XUII, fig. i). 
The leaf areas at this stage measured 1,553, 945, and 909 sq. cm. for com, 
Blackhull kafir, and Dwarf milo, respectively, while the sheath areas of 
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Blackhull kafir had increased to ^ 6 it . ’ 

extent of the Dwarf nnlo The .heath area of the corn, BlackhuU kafir 
and Dwarf ndo measured 788. 383, arrd 33a sq, cm., respectively. ’ 
Stage IV. The plants at this stage had reached an age of to weeks 
and had completed their leaf development. The com plants had from 
14 to ,5 leaves and the standard kafir from m to .4 leaves. The com 
plants were 6 feet high, the standard kafir 4 feet high, while the Dwarf 
milo had reached a height of 3 feet (PI. XUV, lig 2). The leaf area of 
the com plant at maturity tvas 9,092 sq. cm., an area 2.3 times that of 
the mature Dwarf milo, and 1.53 limes that of the BlackhuU kafir. The 
sheath area of these 

three plants was i ,445. CO^N /lW/7/? M/LO 

605, and 556 sq. cm., 

respectively, for com, ^ ^ 

BlackhuU kafir, and 
Dwarf milo. 
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SUMMARY 

The root systems of 
Pride of Saline corn, 

BlackhuU kafir, and 
Dwarf milo plants 
which were grown in 
alternate rows were 
isolated in the field at 
four stages of growth 
in 1914 and at three 
stages of growth in 
1915. AH told, the 
root systems of 33 
plants were isolated 
and studied. It was 
found that for a given 
stage of growth each 
plant possessed the same number of primary roots and that the general 
extent of these roots in both a horizontal and vertical direction was the 


/444 







cm^ 


eo€ 


SS6 




cm^ 


STAGS' 

Fro. 3.—.^ graphic illustration of the sheath areas of Pride of Saline 
corn, Btaclchull kafir, and Dwarf milo at four stages of the growth of 
these plants during the season of 1914- 


same for all three plants. The maximum depth of root penetration for 
mature Dwarf milo, BlackhuU kafir, and corn was found to be 6 feet for 
both the years 1914 and 1915. It was found that BlackhuU kafir and 
Dwarf milo possessed approximately twice as many secondary roots per 
unit of primary root as did the com plant. This is true not only for 
both years but also for all stages of the root systems examined. Both 
primary and secondary roots of the sorghums were found to be more 
fibrous than those of the com plant. 
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The relation of the weight of the dry matter of the aerial portions of 
mature plants to the weight of the roots was determined in 1914 for 
36 Dwarf milo plants, 30 Blackhull kafir plants, and 12. com plants. 
In 1915 the same determinations were made for 24 Dwarf milo plants, 
14 Dwarf Blackhull kafir plants, 23 Blackhull kafir plants, and 24 com 
plants. 

The average ratio of the dry weight of the grain, stem, and leaves of 
standard kafir to the dry weight of the roots was found to be 15 and 14.9 
for the years 1914 and 1915, respectively, while the dry weight of the 
stem and leaves of the same plant was on the average 10.9 times that of 
the root weight in 1914 and 10. i times the root weight in 1915. The 
ratio of the dry weight of the stem, leaves, and grain of Dwarf milo to 
the weight of the roots was found to be as 15.7 to i in 1914, and as 15 to 
I in 1915, and the weight of the stem and leaves of the same plants was 
9.6 and 8 times, respectively, the weight of the roots in 1914 and 1915. 
The weight of the stem and leaves of Pride of Saline com was 9.6 times 
the root weight in 1914, while in 1915 the weight of the stem and leaves 
of the com was 7.8 times the weight of the root system. The aerial parts 
of Dwarf Blackhull kafir examined in 1915 showed a weight 15.7 times 
that of the roots, while the weight of the stem and leaves amounted to 
8.9 times the weight of the underground portion. 

The results of the experiments for the two years in regard to the soil- 
moisture content and depth of root penetration seem to show that under 
the conditions of this experiment very little, if any, depletion of soil 
moisture took place below the depth of root penetration. 

The average leaf areas of five representative plants of com, Blackhull 
kafir, and Dwarf milo were obtained at stages when the plants were 4, 
6, 8, and 10 weeks of age. The last stage examined showed that the 
plants had completed their full-leaf development. In all the stages of 
growth the com plant was found to have the greatest leaf area. Taking 
the stages of growth in order, one finds that the leaf area of the com 
plant was 1.7, 2.0, 2.2, and 2.3 times the leaf area of Dwarf milo and 1.6, 
1.9, 1.5, and 1.5 times that of Blackhull kafir. 

In comparing the plants of Dwarf milo, Blackhull kafir, and Pride 
of Saline com, it will be seen that in all stages of their growth these 
tw^o sorghum plants have a primary root system that is just as 
extensive as that of the com plant. In addition, the Dw^arf milo and 
Blackhull kafir possess twice as many secondary roots as the com at any 
stage of its growth. The leaf area of the com plant at all stages of its 
growth is approximately twdee as great as that of the Dwarf milo and 
never less than 1.5 times that of Blackhull kafir. 

It is apparent, therefore, that the Dwarf milo and Blackhull kafir plants 
would have the advantage over the com plant under any climatic con- 
dition that would tend to bring about a loss of water from these plants. 
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The two sorghums have, in the first plane, as compared to the com 
plant, only one-half the leaf surface exposed for the evaporation of water- 
and m the second place they have a root system which, judgin. from the 
number of secondary roots, would be twice as efficient in the Ibsorptioii 
of water from the soil. 
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PLATi<: xxxviir 

Fig. I. — Method used in isolating root systems in the field. View of two soil prisms 
ready for washing. The trenches here shoum are 3 feet wide, 12 feet long, and 6 feet 
deep. 

Fig. 2.— Method used in isolating root s>'stems. This figure shows the method of 
placing the cross wires through the soil block. 

Fig. 3. — Method of washing used in the isolation of the root systems. The trench 
was partially filled with water, which was continuously pumped upon the prism of 
soil by means of a pitcher pump. 
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PLATE XXXIX 


Fig. I.— Root system of a com plant that had reached a height of 3 feet 6 inches. 
Seed planted May 23, 1914, Root system i.solated on July 17, 1914. Greatest depth 
of root penetration, 3 feet. Greatest lateral extent of the toots, 3 feet 6 inches. 

Fig. 2.— Root systems of two com plants with a height of i foot 6 inches. Seed 
planted on May 26, 1915. Root systems obtained on July 10, 1915. Greatest depth 
of roots, I foot 3 inches. Greatest lateral extent of roots, 2 feet 10 inches. 

Fig, 3.— Root system of a Dwarf milo plant at the age of 4 weeks. Seed planted 
un May 23, 1914. Root system obtained on June 34, 1914. Plant stood i fo(jt high. 
Greatest depth of root penetration, i foot 6 inches. Greatest lateral extent of roots, 
3 feet. 

Fig. 4. — Root systems of two Blackhull kafir plants i foot in height. Seed planted 
on May 26, 1915. Rofjt sy'stems isolated on July 10, 1915. Greatest depth of root 
penetration, i ioat 6 inches. Greatest lateral extent of roots, 2 feet. 



PLATE XL 


Fig. I.— Root systems of two mature com plants. These plants stood 6 feet high, 
and the grain was in the glazed condition. Seed planted on May 23, 1914. Root 
systems obtained on August 25, 1914, Greatest lateral extent of the roots, 3 feet. 
Greatest depth of root penetration, 6 feet. The lower portion of the toot cage is not 
shoum here, but the roots which penetrated the sixth foot are shown in a horizontal 
position at the bottom of the cage. 

Fig, 2 . — Root system of a com plant at the time of "shooting.” Height of plant, 
5 feet 6 inches. Seed planted on May 23, 1914. Root system obtained on August i, 
1915. Greatest depth of root penetration, 4 feet. Greatest lateral extent of the roots, 
2 feet 6 inches. 















PLATE XLI 

Fig. I.— Root systems of two Bkckliull kafir plants at the time they had reached 
a height of 6 feet and were blooming. Seed planted on May 26, 1915. Root s>^s- 
tems isolated on September 3, 1915. Greatest depth of mot penetration, 6 feet. 
Greatest lateral extent of the roots, 3 feet 8 inches. 

Fig. 2. —Root system of two Dwarf milo plants at the time the seed was in the milk 
Stage. The plants stcx>d 3 feet 6 inches high. Seed planted on May 26 , 1915. Root 
systems isolated on September 3, 1915. Grcatesfvertical penetration of the roots. 
6 feet. Greatest lateral extent of the roots, 3 feet 8 inches. 



PLATE XUI 

Fig. I. — Portion of a primary root of Pride of Saline com, showing the number and 
relative size of the secondary roots. Both the primary and secondary roots of the com 
are larger than those of the Dwarf milo or standard kafir. 

Fig. 2. — Portions of the primary’ roots of Blackhull kafir, showng the number and 
relative size of the secondary roots. Botli the primary and secondary roots of Dwarf 
niilo and Blackhull kafir are smaller and more fibrous than those of the com, Th.e 
number of secondary roots per unit of length of primary root is twice as great for 
Blackhull kafir and Dwarf milo as for the com. 
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PLATE XLIII 


Fig. I.— Pride of Saline com, Dwarf milo, and Blackhull kafir plants, sliowing their 
relative leaf and sheath areas at 4 weeks of age. Seed planted on May 23, 1914, 
Leaf areas determined on June 24, 1914. 

Fig. 2 . — Pride of Saline com, Dwarf milo, and Blackhull kafir plants, showing tlieir 
relative leaf and sheath, areas at 6 weeks of age. Seed planted on May 23, 1914. 
Leaf areas determined on July 7, 1914. 
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Fig. I. — Pride of Saline com, Dwarf milo, and BlackhuU kafir plants, showing 
their relative leaf and sheath areas at 8 weeks of age. Seed planted on May 23. 1914. 
Leaf areas determined on July 21, 1914. 

Fig. 2. — Pride of Saline com, Dwarf milo, and Blackhnll kafir plants, showing 
their relative leaf and sheath areas at 10 weeks of age. At this time the plants have 
completed their leaf development. Seed planted on May 23, 1914. Leaf areas 
determined on August 4, 1914, 







PRODUCTION OF CLEAR AND STERILIZED 
ANTI-HOG-CHOLEIL\ SERUM 

[PREUMIKARY P.IPEr] 

By M. Dorset, Chief, and R. R, Henley, Chemist, Biochcmtc Divtsi^in, Bureau of 
A nimal I ndustry 

INTRODUCTION 

In the United States the anti-hog'Cholera serum of commerce for the 
most part consists of the defibrinated blood of hyperiramunized hogs. 

The red corpuscles contained in such commercial serum are not only 
devoid of protective qualities but are objectionable for a number of rea- 
sons. The practice of using the defibrinated hog's blood was adopted 
because of the difficulty experienced in separating completely the clear 
serum from the fibrin and the blood corpuscles. 

Hog blood, when allowed to undergo spontaneous coagulation, ordi- 
narily yields but a small proportion of clear serum. In practice not 
more than 30 or 35 per cent can be secured, the remainder of the serum 
being held firmly within the large clot. If, instead of allowing the blood 
to clot spontaneously, immediate defibrination be practiced, a yield of 
defibrinated blood varying from 90 W 95 P® cent may usually be obtained. 
This defibrinated blood contains all of the antibodies present in t e 
blood when drawn, whereas, if the blood is allowed to coagulate and the 
separated clear serum alone is used, there must be a large loss of anti- 
bodies because part of' the serum is held back m the clot. 

The occurrence of the foot-and-mouth disease in the United States 
and the accidental infection of certain lots of hog-cholera scrum and 
tlms with this disease have demonstrated the urgent need or some 

the preservatives which \ to be, therefore, only one 

for the preservation of serum. The 

means by which the serum maj application 

the foot-and-mouth disease is concerned, and th 1 1 t PP 
of heat. The best European aut onties ^ ^ 
when he ated at a t em perature of 50° 
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well established that the virus is killed by 5 minutes’ exposure to a 
temperature of 60°. 

Experimental work has shown that defibrinated hog-cholera-immune 
blood may be heated to 50® C. for 12 hours without destroying the anti* 
bodies and without materially altering the physical character of the 
defibrinated blood. Heating to higher temperatures — 60°, for example — 
results in more or less complete coagulation of the defibrinated blood, 
and therefore in the destruction of the serum in so far as its commercial 
worth is concerned. While heating at 50° for 12 hours might appear 
to be satisfactory, in practice it would be difficult and expensive to carry 
out such a process. 

Experiments with clear serum, separated from the red cells, have 
shown that, unlike the defibrinated blood, which coagulates at 60®, the 
serum, separated from the red blood cells, withstands heating at 60® 
for 30 minutes without alteration of its physical characters and without 
noticeable impairment of its antitoxic power. 

With the above facts in mind, renewed efforts have been made to 
devise a cheap and simple process for preparing hog -cholera antitoxin 
in the form of a clear serum free from the red blood corpuscles and from 
corpuscular debris. 


PRIiPARATlON OF THE SERUM 

If ordinary defibrinated hog’s blood be subjected to centrifugalization, 
there may be secured ordinarily about 50 per cent of serum. The time 
required will naturally depend to a large extent upon the precipitating 
force developed by the centrifuge. We have found that a force equiva- 
lent to approximately i ,700 times gravity serves to attain this result in 
from 20 to 30 minutes. The serum 'ivhich separates is usually cloudy, 
and, owing to the fact that the red blood corpuscles are not firmly packed, 
it is impossible to remove all of the serum without at the same time 
carrying over some of the red cells. Therefore, simple centrifugalization 
has not seemed practicable for the following reasons: (i) Antibodies are 
lost because of inability to separate all of the serum from the corpuscles, 
(2) the scrum secured is generally not clear, and (3) the removal of the 
serum from the cells is a difficult and tedious procedure. 

In endeavoring to overcome tlie difficulties enumerated above, we have 
used extracts of the seed of different varieties of the common garden 
bean (Phaseolus muliijiorus and P. vulgaris). Extracts of these beans 
are known to possess the property of agglutinating the red corpuscles of 
hog’s blood, and they are said to be nontoxic.^ Our own experience has 
shown that, although the extracts^ exert no general systemic effect 
upon rabbits, guinea pigs, or hogs, certain varieties of these beans do 
yield extracts which act as intense local irritants, resulting, in guinea pigs 


• Mendel, L, R. Observations on vegetable hacmaeglutinins. In Arch. Fisiol., v. 7, p. 16S-177- 1909- 

* Extracts made with water or normal salt solution. 
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at least, in^ swelling, followed by necrosis of tissue and the formation of 
suppurating abscesses at the sites of injection. The extracts of the 
scarlet runner bean (P. muliiflorus) and of the pink kidney bean (P, ii(/- 
garis) are both intensely irritating, while extracts of the common white 
navy bean (P, vulgaris) are entirely lacking in this irritating property. 
While both the scarlet runner and the kidney bean are very powerful 
agglutinants, they have been rejected, at least temporarily, and extracts 
of the common white navy beau have been used exclusively in our later 


work. 

Very minute amounts of the extracts of the navy bean sen^e to agglu- 
tinate large quantities of defibrinated hog’s blood; and uken such agglu- 
tinated blood is centrifugalized, the red cells pack together and form a 
rather stiff jelly-like mass in the tube. With a- precipitating force of 
about 1 ,700 times gravity about 50 per cent of serum may be separated 
in 15 minutes. The serum is clear and may be readily poured from the 
tube, 

In order to secure a greater yield of serum and a more firmly packed 
clot of red corpuscles, we find that the addition of a small quantity of 
sodium chlorid is very effective. The addition of r per cent of sodium 
chlorid to defibrinated hog’s blood after agglutination from the addition 
of bean extract has begun will increase the yield of serum from 50 per 
cent without the salt to 70 per cent when the salt is added. ^ 

Considerable experimental work has led to the adoption of certain 
conditions of work as being most favorable to the production of the maxi- 
mum amount of clear serum from defibrinated hog’s blood While 
exDeriencc may later show that some changes m procedure are desirable, 
it seems best to describe here the exact method, which is now being 
aopUed in these laboratories, of producing a clear stenle serum, heated 
to avoid the possibility of foot-and-mouth disease miection. 

PrEPARATiL oE bean EXTRACt.-One hundred gra. oi coarsely gronnd 
wh“y “cans are allowed to soak for one hour in c. c. o distilled 

io be The clear Lcred extract is passed through a bacteria- 

proof filter of infusorial earth. rrxTxrtor.suziNG.-To 

Preparation of defibein.sted blood - " 

each .00 c. c. of the cool deflbnnated blood _ dd i 
bean extract and stir to secure a urn determined 

to stand until agglutination is clear y ex ^„,]utination is usually 

by examining a small amount mag as . There should 

apparentwdthinfiveminutesalteraddmg h b^^idract^^ 

then be added i gm. of finely powdere , g^nnated blood, bean 
stirred in until dissolved, and the ®>=ti.- f de®^ 
extract, and salt is allowed to stand for about i, mmut . 

36290“— 16 i 
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Centrifugalizing. — The defibrinated blood mixture is placed in suit- 
able containers, preferably somewhat elongated, and rotated in a centrifuge 
for 1 5 minutes at a speed sufficient to produce in the cups a precipitating 
force equal to approximately 1,700 times gravity. At the end of this 
period the serum may be poured from the cups into suitable containers. 

Heating the serum. — The clear serum obtained by centrifugalizing is 
placed in a container which is surrounded b/a jacket of water. The 
temperature of the water in the outer jacket at the beginning of the 
heating should not exceed 63° C. The serum in the inner container 
is slowly stirred during the heating process, the temperature of the 
outer jacket being maintained between 61° and 62°. A thermometer 
should be kept constantly in the serum and care should be taken to 
see that the temperature of the serum, once it has reached 60° C., does 
not fall below that point and that it does not rise materially above it.^ 
Continuous heating for 30 minutes at 60*^ C. is required. Upon the com- 
pletion of the heating, the serum should be rapidly cooled. After cooling, 
I part of a 5 per cent solution of phenol should be added to 9 parts of 
the serum. 

Fietering The serum. — After the phenol has been added a slight 
precipitate may at times form in the serum; therefore it is desirable to 
allow several days to elapse between the addition of the phenol and the 
final filtration through infusorial earth. 

EXPERIMENTAL RESULTS 

To illustrate the yield of clear serum obtained by the application of the 
described method to the preparation of anti-hog-cholera serum, there 
is given in Table I a statement of the yield of clear serum obtained from 
three different lots of defibrinated immune blood and one lot of defibri- 
nated hog-cholera virus. 


TablE I. — Yield of clear serum from defibrinated anli-hog-cholera serum and virus 
under a precipiiaiing force of l,ycx} times gravity applied for 12 minutes 


Blood. i 

Bean 

extract 

added. 

Sodium 

chlorid 

added. 

Serum 

yield. 

Hog-cholera serum from defibrinated immune blood 389s 

Do 

Per ctni. 
None. 

I 

t 

i 

t 

X 

Per cml. 
None. 
N<me. 

1 

I 

t 

I 

I 

Per cent. 

49 

70 

70 

74 

70 

78 

Do 

Do 

Serum from defibrinated immune blood jW>6 and 2165 

Scrum from defibrinated immune blood ai66 

Serum Irom defibrinated hog-cholera virus 377 and 379 


Table II gives the results of potency tests of one lot of serum prepared 
by use of the bean and sodium chlorid mixture. As will be seen, a test 
was made of the whole defibrinated blood, of the clear serum separated 

' Therraometcfs used should be sUudaidized, and the temperaturt ol the senun should not be allowed 
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from such defibrinated blood by the use of bean extract and sodium 
chlorid, and of the cell residues from which the clear serum was removed. 
In preparing the cells for injection they were taken up in distilled water 
and made to a volume corresponding to the volume of defibrinated 
blood from which they were derived. Thus hog 2149 received all of the 
cell residue from 200 c. c. of defibrinated blood and hog 2150 received 
all of the cell material from loo c. c. of defibrinated blood. The serum 
which was obtained from the defibrinated blood was used to inoculate 
hogs 2155 to 2158, inclusive. 


TablU 11 —Tesi of mum separated by use of bean extract and sodium chlorid in iqjSo 


Dale in- 
oculated. 


Qiianti- } . . . 

PratecU^material 1 of ' 

1 material vLn.s. I, 

iujerted, I 


ais6 

*157 

atAj 


PlienoUsed defi- 
briuated blood | 

P^enoliaed del 
brlnated blood 
jS9S (unwashed). 

Cells from defibti - 1 
anted blood 3Sgs. 


I Clear serum froin I 

def ibrioated 

blood 3895. 
heated, 1 

1 do 

' ,,do 

. .do I 

I Control j"" 

1 


H emained normal { 
throughout test. 


Injured in fiditine Apr. 
Mar. 25; off iced 
Mar. »8 to Apr. 4- 
Very slicht hemor - 1 
rhagic lesions. 1 
W'ent ofi feed Mar. Apr. 
i~', very sick Mar, 

tensive hemorrhagic 
lesions. 

Remained normal ) 
throughout test. 


^'eil-markcd lesions 
ot hog cholera on 
post mortem eaanv- 
inatinn. 

Extensive lesions ot 
hog cholera on post- 
1 mortem examina- 


' — — T thist^ Thriftinesg o( pigs remara- 

a No inflammation, or swelling at p«at of mjection on any P g 
iaghottoal not impalied. 

From the fact that both of the pig. 

contacted hog 

at least, the amount of antibodies imuen corpuscles 

The bean-extract-sodium-chlood ^heselbora- 

from defibrinated T to seems to be no reason why the 

tones and always with success. practical pro- 

process should not be entirely satis ^ to be little or no loss 
duction of anti-hog-cbolera serum. re- 

in antibodies; the serum secured rs the cups, 

moved from the agglutinate ce s ' concentration of 

The method also would seem to tend tou aid 
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the antibodies of the blood, and it is also to be recommended on account 
of the fact that it results in a large yield of serum. 

The fact that this serum may be heated for half an hour at 6o® C. 
without noticeable impairment of its potency is of much practical 
imjxirtance because there is thus afforded a ready means for safeguard- 
ing it against infection with the virus of the foot-and-mouth disease. 

Anyone contemplating the practical application of the process is 
urged, at the beginning at least, to follow the method described herein, 
and to use only the common white navy bean for preparing the bean 
extract. It is hoped that the method will soon be adopted on a large 
scale by commercial producers of serum. 



ADDITIONAL COPIK3 
or I][I8 PUBUCATIGX MAY BE PROCURED FROM 
THE SUPEEiXTEJTBEKI OF DOCOILNTS 

GovEnxiiE-N'r rrjxTiNc omcE 

WASBr>iGTi;X, D. c. 

AT 

15 CENTS TER COPY 
SuRscRtraox ]'KJCE, J5.K) Per Yeas 
7 





